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© Zero power, electrically alterable, nonvolatile latch. 


© A compact nonvolatile, zero static power, electrically alterable, bistable CMOS latch device is abncated with 
single layer of polysilicon. The single polysilicon layer forms the floating gates of the nonvolatile elements of the 
device The control gates are formed in the substrate by burned N+ diffusions and are separated from their 
respective floating gates by a thin oxide dielectric. The circuit can be designed to power-up in a preferred mode 
even before any programming operation has been performed on it. Thereafter, the circuit is available to be 
programmed to either of its two stable states. After the programming operation is completed and the circuit is 
latched to one of its two stable states, the fields across the thin oxide dielectrics are minimal and virtually no 
read disturb condition exist Thus, the latch also offers excellent data retention characteristics. 
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ZERO POWER, ELECTRICALLY ALTERABLE, NONVOLATILE LATCH 


Background of the Invention 


1. Field of the Invention 


The present invention relates to an electrically alterable nonvolatile latch element which can be used as 
a basic element in the construction of electrically reconfigurable logic blocks. 


2. Description of the Prior Art 

Bectricaliy erasable and programmable read only memory devices and their different manifestations 
are now being designed into new applications beyond the traditional domain of nonvolatile memories. 
Programmable logic arrays which until recently were offered only in fusible link technology are now being 
offered in nonvolatile memory technologies. 

One disadvantage of fusible link technology is that it requires substantial chip area to fabricate the 
fusible link elements. Also, the programming circuitry required to "blow" the fusible link needs to be large 
because the link requires a relatively large amount of current to flow through it to "blow" with a certain 
degree of reliability. 

Another technique, known as the laser link technique, utilizes a highly directed laser beam to selectively 
separate the links in a memory circuit with redundant rows or columns. This technique allows the 
replacement of a limited number of defective memory locations with the redundant memory locations. 

A disadvantage of this technique is that it requires substantial investment in capital equipment to 

implement . . 

Another major drawback of the two above-mentioned approaches is that their usefulness is limited oy 
the fact that they are only pre-packaging reconfigurable, i.e. they are not in-circuit programmable. 

Integrated circuit devices are now being designed wherein nonvolatile EPROM elements are replacing 
the fusible links, as in the case of programmable logic arrays and the above-mentioned redundancy circuits. 
This approach solves the problem of pre-packaging reconfiguration, but it still suffers from high current and 
voltage requirements. It also requires the use of an external power supply for programming operations and 
UV light for erasing one prototype configuration before the device can be reconfigured. Thus, the flexibility 
of in-circuit programming is not available with the EPROM approach. 

Several other types of nonvolatile memory elements are disclosed in U.S. Pat. Nos. 4,328.565; 
4 409,723; 4,486,769; 4,599,706. However, these memory elements are primarily designed for high cell 
count memories and are not self-sufficient in that they require relatively complex sense amplifiers and have 
relatively poor noise immunity. 

Additionally, nonvolatile latch circuits have been proposed in U.S. Pat Nos. 4,132,904 (Haran) and 

4,571 .704 (Bohac). . . u 

U.S. Pat No. 4,132.904 discloses a volatile/nonvolatile logic latch circuit with a pair of circuit branches, 
each comprising a field effect transistor and a floating gate field effect transistor connected in series. The 
control gates of the floating gate field effect transistors are cross-coupled to the common junctions of the 
series-connected transistors in the other branch. This circuit can be programmed to assume the desired 
state when power is turned on and can also be intentionally written over if complementary data is to be 
stored. 

U.S. Pat No. 4,571,704 discloses a nonvolatile latch circuit which assumes the proper state when power 
is applied to the circuit, irrespective of the power-applying conditions. This is accomplished by configuring a 
pair of circuit branches with each branch comprising a field effect transistor connected in series with a 
floating gate field effect transistor. The gates of the normal field effect transistors are cross-coupled to the 
common junctions between the series transistors in the other circuit branch. Also, the control gates of the 
> floating gate field effect transistors are capacitively cross-coupled to the floating gates of the transistors in 
the other branch. 

In the latch proposed by Bohac, if both the nonvolatile memory transistors in the two circuit branches 
are off (which is normally the case for enhancement floating gate MOSFETs when a device first comes out 
of wafer fabrication), then when power is turned on, the outputs of the nonvolatile latch are indeterminate 
since no pull-down to VSS is available until after the memory elements have been programmed. 
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An electrically programmable latch in "accordance with the present invention indudes two basic 
comp^nen^aT^o nonvolatile memory ceH elements and b) one <^^J^>^™»™ 
s nonvolatile memory ceil elements are metal-oxide-semiconductor field effect Wnststor 0""^""^ 
which form the Jo branches of the circuit module. The floating gates of the nonvolatile memory, cell 
£7. *e two branches are capacitively coupled to their respective ccmro. gates via ^coupjng 
caoacitors which are formed by the overlap area between the control gate and the floating gate with a thin 
SdTtfelectifc operating the floating gates from the control gates. In addition to being capaatively 
,o ZSSJZTS, elective control gates, the floating gate of one memory ceil element in one branch is 
coupled I to the control gate of the other memory ceU element* the MM-ri ™* 
versa This capacitive cross-coupling is achieved via relatively small area tunneling capacitors commonly 
Sown to moS skilled in the art as Fowler-Nordheim capacitors. The drain of the nonvolatile memory «j 
eTemerrt in one branch is coupled to the input of a complementary metal-oxide-sem,conductor (CMOS 
fnverS lieThe drain of the nonvolatile memory cel. element in the o^r branch 
a second CMOS inverter. The output of the first CMOS inverter is coupled to the input of h ** J^" d ™OS 
inverter which is also coupled to the drain of the nonvolatile memory element in tine second branch. 
SSL ^foJiut of the second CMOS inverter is coupled to the input of the first CMOS mverter which .s 
aCcSpkS to the drain of the nonvolatile memory element in the first branch. The two cross-coupled 
CM^I inverters form a configuration which is commonly known to those skilled In the art as a «UC£o» 
coupled latch. The cross-coupled CMOS inverters are intended to sense the state of the two nonvo.at.le 
memory elements in the two branches and present the appropriate levels on the output lines. 

To program the latch, data input circuitry is employed which can selectively place either a net positive 
or a net negative charge on the floating gats of one nonvolatile memory element In one circuit branch while 
2S ILIZSE****** net negative or a net positive charge on the floating gate of the other nonvo.at.le 
eZentTfte other branch. The nonvolatile memory element with a net negative change on tine floating 
g2? operates in the enhancement mode (i.e. no current flows through the element when *«**»^ 
SeW at ground potential) and is popularly known to be "ERASED" In nonvolatile ™™°Zl ™^ m Ze 
nonvolatile memory element with a net positive charge on the floating gate operates m the d^tanm* 
so 0 J current flows tiirough the element when its control gate is held at ground potential) and .a popu.ar.y 
known to be "WRITTEN" in nonvolatile memory terminology. 

VvTien power is removed form the device, the data in the cross-coupled im^rter lateh 
power is brought back to the device, the states of the nonvolatile memory elements in the hvo branches are 
sensed at the inputs of the inverters which form the cross-coupled latch. Depending on the states of the 
as nonvofati* memo'ry elements (which are normally complementary to ^^^^ST^ 
circuit module), the cross-coupled inverters quickly lateh in the proper state by feeding the proper voltage 
level* at the input of the other inverter. ^ ,_ H . 

-Thus, the present invention offers an electrically alterable latch which can be used n a myriad of 
applications wh'ere certain functions (for example, a standard EEPROM or a stendard Mojo ch* wrth 
40 nonvolatile latch elements) need to be customized to meet particular requirements. Another possible 
Ration is the EE-DIP switch, wherein the pins may be reconfigured according to desired requirements 
bv inputting a certain instruction to the device. 

Ta particular application, the electrically alterable latch of the present invention has been des.gnedjnto 
the logic module ofa i reconfigure EEPROM device in which different sections of the memory core array 
« Sn bfrec^nflgured to be Messed by the outside work!. This totch has also been 

btock for a nonvolatile address pointer which is used to disable write operations in the user^fined section 
of the memory array core. This provides security of critical data from being accidentally wntten over 

OtiTer 7b7ects. features and advantages of the present invention will be ""dersteod and appreciated by 
reference to the detailed description of the invention provided below wh,ch should be considered ,n 
so conjunction with the accompanying drawings. 

Description of the Drawings 

S5 Fig. 1 is a schematic diagram illustrating a zero power, electrically alterable, nonvolatile latch in 

accordance with the present invention, together with a high voltage inverter circuit. 
Fig. 2 is a schematic diagram illustrating a layout of the Rg. 1 circuit 
Fig. 3A is a cross-sectional view taken along line AA in Rg. 2. 
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Rg. 3B is a cross-sectional view taken along line BB in Fig. 3. n „„ nt 
F.g. 4 is a block diagram illustrating a circuit application in which the nonvolatile latch of the present 

invention can be used. 

Detailed Description of the Invention 

An embodiment of an electrically alterable nonvolatile latch element in accordance with the present 
invention, along with an associated high voltage inverter circuit is illustrated in Fig. 1 . 

The basic latch circuit 10 comprises two subcircuits. The first subcircutt is ^-coupled ste^h 
which includes two P-channel field effect transistors 12 and 14 and two N-channel field effect transistors 16 
and 1 a The second subcircuit includes two nonvolatile memory transistors 21 and 22. 

The drains of transistors 12 and 16 are coupled to each other at node A. The drains of transfers 14 
and 18 are coupled to each other at node B. The sources of transistors 12 and 14 are cormerted to *e 
Positive supply potential VCC. The sources of transistors 16 and 18 are connected to the ground potential 
VSS The gates of transistors 12 and 16 are coupled together and are also coupled to node B. 

Transistors 21 and 22 are N-channei floating gate MOSFET devices in which toe float. ng gates are 
formed in a polysilicon layer and the control gates are selectively defined in the bulk silicon by a bunec I N + 
implant mask. The floating gate (node C) of the memory transistor 2i 'fcapaahvely coupled* conttol 
gate (node D) via coupling capacitor 24. Coupling capacitor 24 is essentially formed by the 
Sting polys licon gate and the buried N+ implant area exposed by the thin ox.de mask as .Heated m 
Rg 3A. Ukewise. toe floating gate (node E) of the memory transistor 22 is capacitvely coupled to its 
control gate (node F) via the coupling capacitor 26. 

to addition to being capacitiveiy coupled to their respective control gates the floating gates of toe 
transistors 21 and 22 are capacitiveiy cross-coupled to toe control gates of transistors 22 and 21. 
raTpeSviy ; vi "relatively sS area tunneling capacitors 28 and 30. As shown in Rg 3B. toe tonnehng 
capacitors 30 and 28 are formed by the overlap of the floating gates of transistors 2 and 22 with toe buned 
N + implant areas which are exposed by the thin oxide mask and are electncally m c^mon wrfh toe 
control gates of transistors 22 and 21. respectively. Boto.toe coupling capacrtors 24 » ^ 
capacitors 28. 30 have relatively thin oxide (100 Angstroms) dielectrics between the floating gates and toe 

COO, Se 9 oSn of toe memory element 21 is coupled to node B. which was defined in conjunction^ with toe 
cross-coupled static latch. Similarly, toe drain of toe memory element 22 is ccupted to node A. which was 
prevtousty defined. The sources of both memory elements 21 and 22 are connected to toe ground potential 

35 ^in addition to the capacitive couplings indicated above, there are additional stray capacitances inherent 
in the layout of the latch shown in Rg. 2. These include the floating gate to control gate > oyertap 
capacitances in the nonthin-oxide areas and toe capacitance due to the source and dram overlap to toe 
floating gate in the memory transistors. 

40 Figs 3A and 3B show toe cross-sectional views of the memory cell element along the cross-sections 
AA and BB as indicated on the layout of the latch in Rg. 2. , , , _ H «i„ 

In Rg. 3A. region 300 comprises toe P-type silicon in which the highly doped N * J**™™*?™ 
regions are formed for the N-channel CMOS transistors. Also formed in the region 300 .are + 
diSusions which are not as highly doped compared to the source/drain N + regions ™e buned-N £»g»M 

45 are used to form the control gates of toe memory transistors and can also be used ^ conductive 
underpasses In other parts of toe circuitry. The control gates of transistors ^d^toj.ihe 
cross-sectional diagrams of Rgs. 3A and 3B. The floating gates of transistors 21 and 22 (nodes C and E. 
?es5ctively) are also shown in Rgs. 3A and 38 and are comprised of conductive V******* ^« c °"; 
The floating polycrystalttne gate of transistor 21 is separated from toe crystalline silicon by the coupling 

so oxfde 24 the tunneling oxide 28. toe gate oxide 31 . toe oxide over the buried-N i + reg,on30l and the fieki 
oxide 302. The oxide over the buried N + . region 301. is substantially thicker than toe gate oxides 30 and 
32. The field oxide, region, 302. is substantially thicker than the oxide in region 301 . 

in addition to toe capacitive couplings "Ccoup" and "Ctun." due to the coupling and tunnekng ox,des 
respectively, toe floating gate of the transistor 21 is also capacitiveiy coupled to its own control gate due to 
S s the overlap of the floating polysilicon gate to its control gate formed by the oxtoe over * e B b " n ^; N J e ^ ,0 " f 
in the silicon substrate, "Cbn +g." Another component of the capacitance. "Cfld." is due to the overlap of 

the floating polysilicon gate to toe substrate in the field oxide regions 302. 

in order to program the latch, a high programming voltage "VPPI" (12-I7v) must be applied to one of 
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the two programming nodes 0 or F for about 5-10 ms. Considering the case in which VPPI is applied to 
node D then the other programming node F must be held at the ground potential. For a virgin ceil with no 
charge on the floating gate, an initial voltage equal to Rg • VPPI appears across the tunnel oxide 28, where; 

_ ggouo + Cbn+a (1) 

Rg ~Ccoup + Cbn+g + Ctun + Cfld + Cgox + Cbn+t 

where: 

Rg : Control gate coupling ratio of Memory element 

Ccoup- Floating gate to Control gate capacitance due to the coupling oxide, 

Cbn + g: Floating gate to Control gate capacitance due to the buried N+ oxide around the gate region, 
Ctun : Floating gate to Control gate of adjacent cell capacitance due to the tunnel oxide, 
Cfld : Floating gate to substrate capacitance due to the field oxide, 
Cgox : Floating gate to substrate capacitance due to the gate oxide. 

Cbn+t: Floating gate to Control gate of adjacent cell capacitance due to the buned-N+ oxide around the 
tunnel oxide. 

The initial electric field "E" across the tunnel oxide is given by: 
Pq » VPPI 

E Ttun (2) 


where, 

25 Ttun: Thickness of tunnel oxide, 

. VPPI- Voltage applied to the Control gate of the memory cell. 

If the initial electric field "E" is of the-order of 9-10 Mv/cm, then a sufficient number of electrons tunnel 
through the tunnel oxide onto the floating gate of transistor 21 storing a net negative charge on node C so 
as to make an appreciable positive shift in the threshold voltage of this device. Also, the floating gate of 
30 transistor 22 is capacitively coupled up to an initial voltage equal to Rg ♦ VPPI, where: 

p Ctun + Cbn+t 

Rg ~Ccoup +Cbn+g + Ctun +■ Cfld + Cgox + Cbn+t (3) 


35 


The initial electric field across the tunnel oxide associated with the floating gate of transistor 22 is given by: 

VPPT - ?q » VPPI 
£ Ttun ( 4 ) 
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If the initial electric field "E" is of the order of 9-10 Mv/cm, then a sufficient number of electrons tunnel 
through the tunnel oxide out of the floating gate of transistor 22 storing a net positive charge on node E so 
as to make an appreciable negative shift in the threshold voltage of this device. 

The operation of positive threshold voltage shift by the application of high voltage, VPPI. to the 
nonvolatile memory element is known as "ERASE" and the operation of negative threshold voltage shift is 
known as "WRITE" in EEPROM terminology. 

Both the ERASE and WRITE operations are self-limiting. During ERASE, the initial electnc field £ 
sets up a Fowler-Nordheim conduction of electrons whic follows the following relationship: 

I init(erase) - a ♦ A • E 2 • e ~i~ B ( E) (5) 

The field "E" however decreases with time as more and more electrons tunnel through the tunnel oxide 
and are collected on the floating polycrystalline gate. 
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Eventually, the electric field "E" Is so low that very few electrons tunnel through the oxide and further 
threshold voltage shift is negligible. Similarly, during the WRITE operation, the initial electnc field "E sets 
up a Fowler Nordheim conduction which follows the relationship: 

s i=au 

I init (write) - al • A • Ei 2 • «*P ( £•) (6) 

where- a, al B. 81 are physical constants which depend on the effective energy barrier heights at the 
10 injection interfaces and the effective mass ratio of electrons in the tunnel dielectric. A is the area of the 

^During^^lTE operation, the electric field "E'" also decreases with time as more electrons tunnel 
through the tunnel oxide out of the floating gate and eventually leaving the floating gate with a net positive 
charge. The electric field "E" at this point is so low that very few electrons tunnel through the tunnel ox.de 

,s and further threshold voltage shift is negligible. 

During the READ mode, the control gates of both the memory elements (nodes D and F) are held at the 
ground potential and the electric fields across the tunnel oxides are minimal and are only due to the 
charges on the floating gates due to the programming operation. The tunneling of charges at these low 
electric fields is negligible and this translates to long data retention times (on the order of 10 years or 

20 longer for Tj < or = 150* C). Thus, the two memory elements in the electrically alterable latch remain 
Droqrammed to their respective ERASED (enhancement) and WRITTEN (depletion) states. For the case 
when transistor 21 is ERASED and transistor 22 is WRITTEN (see Fig. 1), when the power is first turned on 
to the device, the following sequence of events occur 

(a) Node A is pulled low because transistor 22 is ON and is in the depletion mode; 

25 (b) Node A going low forces the inverter formed by transistors 14 and 18 to try to force its output 

high. Transistor 21 being OFF (ERASED) allows node 8 to pull up towards VCC; 

(c) The high going node B forces the output (i.e.. node A) of the inverter formed by transistors 12 and 
16 further towards the ground potential. 

30 Eventually, due to the positive feedback, node B pulls up to VCC and node A is pulled down to VSS. At 
this point, the two cross-coupled inverters are latched to their proper states and no dc power is consumed 
by the circuit. 

For the proper operation of the latch, the current sinking capability of the written memory element 
should be such that it can pull the corresponding cross-coupled latch node low enough to set the latch to its 

proper programmed state. 

The basic latch circuit 10 described above can be used in conjunction with a high voltage inverter 

circuit 20, as shown in Fig. 1. ^ . . 

The purpose of the circuit 20 is to translate the low (VSS) and high (VCC) CMOS levels at its input into 
high (»VPPI 12-17v) and low (VSS) levels respectively. Thus, during tine programming mode (PROG - VCC. 
40 PROGB=VSS) if DATAINB = low CMOS level, then node Q is pulled low; this turns N-channel MOSFET 34 
OFF and P-channel MOSFET 36 ON. This allows node D to pull up to VPPI and turn P-channel MOSFET 
38 OFF 

For the other case, when the DATAINB = high CMOS level during the programming mode, node G pulls 
up towards the CMOS high level, thereby turning N-channel MOSFET 34 ON and P-channel MOSFET 36 
45 OFF. Node D is pulled down to VSS. thereby turning P-channel MOSFET 38 ON which pulls node G 
towards VPPI. Thus, circuit 20 works like a high voltage inverter. 

A similar circuit block 20 is also connected to the control gate of memory element 22 shown in Fig. 1. 
This circuit can be used to reset the DATAOUT (Node B) of the nonvolatile latch to a low (VSS) state, by 
taking the RESETB signal low during the program cycle. 
S0 Fig 4 shows one possible setup in which the nonvolatile latch could be used. 

Circuit block 30 includes an "N" bit long register which has the nonvolatile latch circuit 10 descnbed 
above as the basic building block. The circuit block 40 includes "N" high voltage inverter circuits 20 
described above, the outputs of each feeding into the input of a corresponding nonvolatile latch 10 in the 
block 30 

55 In addition to the "N" nonvolatile latch elements in the circuit block 30 and the "N" high voltage 
inverters in the circuit block 40, there is one additional nonvolatile latch element and two additional high 
voltage inverters shown in Fig. 4. All the high voltage inverters have VPPI and PROG as common inputs. 


35 
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The top circuit block 20 has "PROGB" and "PROQ-DISABLEB" as the other inputs anc I its output 
"DISABLE" feeds into the control gate of one of the memory elements of the additional circuit block 10 . 
The control gate of the other memory element in the circuit block 10 is connected to VSS. The output 
"PROG-DISABLE" of the circuit block 10 serves as a common input to the remaining N + 1 high voltage 
inverters The second high voltage inverter 20° outside of the circuit block 40 has its last remaining input 
connected to a signal called "RESETB" and its output "RESET" is connected to one input of each 
nonvolatile element in the circuit block 30. The last input of each high voltage inverter element in the circuit 
block 40 is connected to the input of the corresponding nonvolatile latch in the circuit block 30 as shown in 

R9 "The transistor ratios of the cross-coupled inverters in the circuit block 10 outside of the <*cuit block 30 
can be set such that the circuit powers up with PROG-DISABLE = VSS before the first PROG-DISABLE 
operation is performed. This enables the RESET operation to be performed on ail the nonvolatile elements 
in the circuit block 30. The RESET operation resets all bits AO - AN to Os'. Next the desired bit pattern 
ADOB1 - ADDBN can be input to the circuit block 40 along with the other inputs VPPI 02-1 JV). 
PROG=VCC DISABLE = VSS valid during the program cycle. After the programming cyde (typically 5-10 
ms) the bit pattern A0-A7 should be identical to the desired bit pattern ADD1 - ADON that was input to the 

^Oncfthe^desired bit pattern is programmed in the circuit block 30 is can be disabled from further 
pattern changes by performing a PROG-DISABLE operation. This is done by taking the PROG-DISABLE 
ESuMo V88 during the programming operation with RESETB and AD0B1 - ADDBN all at VCC. This 
operation makes the signal PROG-DISABLE permanently high thereby disabling all future pattern changes 

^t shou^be^ed that the example described above is merely for illustrative purpose and is only one 
of the many possible configurations which represent the application of the present invention. 

Claims 

1 An electrically alterable nonvolatile latch element comprising: • . t . 

a) a. static latch element comprising first and second cross-coupled inverter elements wherein the 
output of the first inverter element is connected to the input of the second inverter element and the output 
of the second inverter element is connected to the input of the first inverter element; 

b) a first nonvolatile storage element which stores a first charge state, the first storage element being 
connected to provide the first charge state to the input of the first inverter element under preselected 

as conditons^ and^ nonvolati|e 9tom ^ element which ^ores a second charge state, the second storage 
element being connected to provide the second charge state to the input of the second inverter element 
under the preselected conditions. 

2. An electrically alterable nonvolatile latch element as in claim 1 and further including means for 
reversing the respective charge states stored in the first and second storage elements under second 
preselected conditions. 

3. An electrically alterable nonvolatile latch element compnsing: 

a) first and second nonvolatile floating gate field effect transistor (FED memory cell elements, the 
floating gates of the memory cell elements being capacitively coupled to their respective control gates, the 
floating gate of the first memory cell element being capacitively coupled to the control gate of the second 
memory cell element the floating gate of the second memory cell element being capacitively coupled to 
the control gate of the first memory cell element: and 

b) a static cross-coupled latch including first and second inverter elements, the drain of the first 
memory cell element being connected to the input of the first invertor element, the drain lof the second 
memory cell element being connected to the input of the second invertor element the output of the first 
invertor element being connected to the input of the second Invertor element which is also connected to ttie 
drain of the second memory cell element the output of the second invertor element is connected to the 
input of the first invertor element which is also connected to the drain of the first memory cell element. 
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4 An electrically alterable nonvolatile latch element as in claim 1 and further including means for 
programming the latch element by selectively placing either a net positive or a net ™0*«>* °« J» 
floating gate of one of the first or second memory cell elements while simultaneously placing an opposite 
charge on the floating gate of the other memory cell element. 

5 An electrically alterable non-volatHe latch element wherein the static cross-coupled latch compnses 
first and second P-channel FETs and first and second N-channel FETs. the drains of the first P-charmel 
FET^nd the first N-channel FET and of the second Channel FET and the second N-channel FET. 
respectively, being commonly connected, the sources of the first and second P-channe FETs bemg 
cTmmonTconnected to a first potential, the sources of the first and second N-channel FETs being 
commonly connected to a second potential more negative than the first potential, the gates of the first P- 
channel FCT and the first N-channel FET being commonly connected to the drain of the first memory cell 
element and tea first output, the gates of the second P-channel FET and the second N-channel FET being 
commonly connected to the drain of the second memory cell element and to a second output, the sources 
of the first and second memory cell elements being commonly connected to the second potential. 

6 An electrically alterable nonvolatile latch element as in claim 5 wherein the capacitive coupling 
between the floating gate and the control gate of the first and second memory cell element is via first and 
second coupling capacitors, respectively, each of said coupling capacitors being formed by tiie overlap of 
its associated floating gate and a buried N + implant area separated from the associated floating gate by a 

dielectric layer^^ aiterab)e nonv olatile latch element as in claim 6 wherein the floating gates of the first 
and second memory cell elements are capacitively cross-coupled to the control gatesof the second and 
first memory cell elements, respectively, via first and second tunneling capacrtors. respectively each of said 
tunneling capacitors being formed by an overlap of its associated floating gate and a buned N+ .mplant 

area separated from the associated floating gate by a dielectnc layer. 

8. An electrically alterable nonvolatile latch element as in claim 7 wherein the means for programming 
comprises a high voltage inverter circuit which includes: 

a) a first N-channel FET device (34) having its source connected to the second potential, rts drain 
connected to the control gate of the first memory cell element, and its gate connected to an enabling 

potential: ^ pmChanmk ^ device (36) having rts drain connected to the drain of the first N-channel FET 
device (34). its source connected to receive a programming voltage (VPPI) and its gate connected to the 
gate of the first N-channel FET device (34): 

c) a second P-channel FET device (38) having its drain connected to the commonly connected gates 
of the first N-channel FET device (34) and the first P-channel FET device (36). ite emM to 

receive the programming voltage (VPPI) and its gate connected to the control gate of the first memory cell 

element, and^ ^ coup|jng ^ egimi gat9 of ^ e second memory cell elementto the second potential. 
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